Cellular mechanism involved in the synthesis of cyclic GMP in nervous tissues.
Intracellular cyclic GMP content responds to the stimulation of muscarinic receptor in a variety of tissues. Several aspects of the cellular mechanism involved in the synthesis of cyclic GMP were investigated. 1. In cultured bovine chromaffin cells, acetylcholine as well as muscarine stimulated the 32Pi incorporation into phosphatidic acid, induced Ca2+ mobilization across the cells, and, in parallel, elevated intracellular cyclic GMP content. Phosphatidic acid added to culture medium also stimulated the efflux and influx of Ca2+ and the synthesis of cyclic GMP in bovine chromaffin cells and in neuroblastoma cells in the same fashion as acetylcholine. 2. We have succeeded in a purification of an endogenous activator for guanylate cyclase from rat brain and identified it as L-arginine. L-Arginine, but not D-arginine, activated soluble guanylate cyclase 10- to 20-fold at a low concentration (1-2 X 10(-5) M). The activation of the enzyme by L-arginine seemed to require Ca2+. Calcium accumulated in cells in response to muscarinic stimulation would activate guanylate cyclase in collaboration with L-arginine. 3. Using a specific monoclonal antibody, we demonstrated the cellular and subcellular localizations of guanylate cyclase in rat brain. An intense reaction was observed in the brain regions which were rich in muscarinic receptor. Electron microscopic examination revealed that guanylate cyclase was concentrated in the postsynaptic perikaryon and dendrites of some type of neurons indicating its involvement in neural transmission.